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TDOA estimate, T, times 210 KHz. The difference between
the average values of A¢ for channels 1 and 8 is divided by
210 KHz and the result is added to T, to obtain an estimate
of T, the true value of the TDOA,; this new estimate can be
significantly more accurate than T,.

This frequency-stepping and TDOA-refining method can
be extended to more widely spaced channels to obtain yet
more accurate results. If t, is used to represent the refined
result obtained from channels 1 and 8, T, can be replaced by
T, in the just-described method; and the Wireless Location
System can command the wireless communications system
to make the wireless transmitter switch, e.g., from channel
8 to channel 36; then T, can be used to determine the integer
difference ng-n,, and a TDOA estimate can be obtained
based on the 1.05 MHz frequency span between channels 1
and 36. The estimated can be labeled T,; and the wireless
transmitter switched, e.g., from channel 36 to 112, and so on.
In principle, the full range of frequencies allocated to the
cellular carrier can be spanned. The channel numbers (1, 8,
36, 112) used in this example are, of course, arbitrary. The
general principle is that an estimate of the TDOA based on
a small frequency span (starting with a single channel) is
used to resolve the integer ambiguity of the fringe phase
difference between more widely separated frequencies. The
latter frequency separation should not be too large; it is
limited by the uncertainty of the prior estimate of TDOA. In
general, the worst-case error in the prior estimate multiplied
by the frequency difference may not exceed 0.5 cycle.

If the very smallest (e.g., 210 KHz) frequency gap
between the most closely spaced channels allocated to a
particular cell cannot be bridged because the worst-case
uncertainty of the single-channel TDOA estimate exceeds
2.38 microseconds (equal to 0.5 cycle divided by 0.210
MHz), the Wireless Location System commands the wire-
less communications system to force the wireless transmitter
hand-off from one cell site to another (e.g. from one fre-
quency group to another), such that the frequency step is
smaller. There is a possibility of misidentifying the integer
difference between the phase differences (A¢’s) for two
channels, e.g., because the wireless transmitter moved dur-
ing the handoff from one channel to the other. Therefore, as
a check, the Wireless Location System may reverse each
handoff (e.g., after switching from channel 1 to channel 8,
switch from channel 8 back to channel 1) and confirm that
the integer-cycle difference determined has precisely the
same magnitude and the opposite sign as for the “forward”
hand-off. A significantly nonzero velocity estimate from the
single-channel FDOA observations can be used to extrapo-
late across the time interval involved in a channel change.
Ordinarily this time interval can be held to a small fraction
of 1 second. The FDOA estimation error multiplied by the
time interval between channels must be small in comparison
with 0.5 cycle. The Wireless Location System preferably
employs a variety of redundancies and checks against
integer-misidentification.

Directed Retry for 911

Another inventive aspect of the Wireless Location System
relates to a “directed retry” method for use in connection
with a dual-mode wireless communications system support-
ing at least a first modulation method and a second modu-
lation method. In such a situation, the first and second
modulation methods are assumed to be used on different RF
channels (i.e. channels for the wireless communications
system supporting a WLS and the PCS system,
respectively). It is also assumed that the wireless transmitter
to be located is capable of supporting both modulation
methods, i.e. is capable of dialing “911” on the wireless
communications system having Wireless Location System
support.
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For example, the directed retry method could be used in
a system in which there are an insufficient number of base
stations to support a Wireless Location System, but which is
operating in a region served by a Wireless Location System
associated with another wireless communications system.
The “first” wireless communications system could be a
cellular telephone system and the “second” wireless com-
munications system could be a PCS system operating within
the same territory as the first system. According to the
invention, when the mobile transmitter is currently using the
second (PCS) modulation method and attempts to originate
a call to 911, the mobile transmitter is caused to switch
automatically to the first modulation method, and then to
originate the call to 911 using the first modulation method on
one of the set of RF channels prescribed for use by the first
wireless communications system. In this manner, location
services can be provided to customers of a PCS or like
system that does is not served by its own Wireless Location
System.

Conclusion

The true scope the present invention is not limited to the
presently preferred embodiments disclosed herein. For
example, the foregoing disclosure of a presently preferred
embodiment of a Wireless Location System uses explana-
tory terms, such as Signal Collection System (SCS), TDOA
Location Processor (TLP), Applications Processor (AP), and
the like, which should not be construed so as to limit the
scope of protection of the following claims, or to otherwise
imply that the inventive aspects of the Wireless Location
System are limited to the particular methods and apparatus
disclosed. Moreover, as will be understood by those skilled
in the art, many of the inventive aspects disclosed herein
may be applied in location systems that are not based on
TDOA techniques. For example, the processes by which the
Wireless Location System uses the Tasking List, etc. can be
applied to non-TDOA systems. In such non-TDOA systems,
the TLP’s described above would not be required to perform
TDOA calculations. Similarly, the invention is not limited to
systems employing SCS’s constructed as described above,
nor to systems employing AP’s meeting all of the particulars
described above. The SCS’s, TLP’s and AP’s are, in essence,
programmable data collection and processing devices that
could take a variety of forms without departing from the
inventive concepts disclosed herein. Given the rapidly
declining cost of digital signal processing and other pro-
cessing functions, it is easily possible, for example, to
transfer the processing for a particular function from one of
the functional elements (such as the TLP) described herein
to another functional element (such as the SCS or AP)
without changing the inventive operation of the system. In
many cases, the place of implementation (i.e. the functional
element) described herein is merely a designer’s preference
and not a hard requirement. Accordingly, except as they may
be expressly so limited, the scope of protection of the
following claims is not intended to be limited to the specific
embodiments described above.

What is claimed is:

1. A receiver system including an external synchroniza-
tion capability, the receiver system being employed in a
wireless location system (WLS) and comprising: (a) an
enhanced GPS receiver including means for receiving GPS
signals and a mechanism for removing at least a portion of
any timing instability of the GPS signals, and (b) a low phase
noise phase-locked loop circuit; wherein the output of the
enhanced GPS receiver is input to the phase-locked loop
circuit, and wherein the phase-locked loop circuit produces
reference signals with less than 0.01 degrees RMS of phase
noise.



